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Abstract of JP8243991 

PURPOSE: To provide a heating cutting edge 
whose thickness is thin and manufacturing cost is 
reduced by forming a self-heating type heating 
cutting edge to melt and cut a resinous tube in 
such a way that a resistor which is formed in a 
desired pattern and heats by current-carrying is 
arranged on a ceramic base board and a surface 



is covered with an insulating layer. 
CONSTITUTION: A heating cutting edge 1 A used 
in a tube connecting device or the like has a 
ceramic base board 2, and a resistor 3 having a 
desired pattern where terminals 4 and 5 are 
arranged in both end parts is formed on this base 
board 2. An insulating layer 6 composed of an 
inorganic insulating material such as ceramics 
and glass is formed on the resistor 3 so as to 
cover a surface of the resistor 3 except a part of 
the terminals 4 and 5. Preferably, the resistor 3 is 
formed by baking this by printing and forming 
condustive paste in a desired pattern. According 
to its necessity, a temperature raising fusible part 
to be fused when a prescribed high temperature 




condition continues for a prescribed time, is 
arranged at least in a part of the resistor 3. 
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(54) HOT CUTTING BLADE 



(57) Disclosed is a thermal cutting blade of a self- 
heating type for melting and cutting a resin tube, com- 
prising a ceramic substrate (2), a resistor element (3) 
formed on the ceramic substrate in a desired pattern, for 
generating heat upon power supply, terminal portions 
(4, 5) formed on both ends of the resistor element, and 
an insulating layer (6) covering the surface of the resis- 
tor element. The thermal cutting blade is excellent in 
thermal properties, thin due to a simple structure, and is 
manufactured readily at a low cost 
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Description 

[Technical Field] 

The present invention relates to a self-heating ther- 5 
mal cutting blade for use in melting and cutting a resin 
tube. 

[Background Art] 

10 

To conned flexible resin tubes to each other asepti- 
cally, known is a tube connecting apparatus which melts 
and cuts these tubes and subsequently bonds the cut 
edges to each other (Jpn, Pat. Appln. KOKOKU Publica- 
tion No. 61-30582). Tff 

The tube connecting apparatus has a pair of hold- 
ers (block) capable of holding two tubes to be con- 
nected, in parallel and a wafer-shaped thermal cutting 
blade which is movably provided between the two hold- 
ers in the direction of intersecting these tubes. The so 
manner how to use the device will be described later in 
detail in connection with embodiments of the present 
invention. To describe briefly, however, the manner is as 
follows: 

First, the wafer-shaped thermal cutting blade is 25 
heated, while reversely-directed two tubes are being 
held by the two holders in parallel. The tubes are metted 
and cut by moving the heated thermal cutting blade. 
Then, one of two holders is moved in such a direction 
perpendicular to the longitudinal direction of the tubes 30 
to coincide the cut edges of the tubes to be bonded to 
each other. When the cutting blade is removed from this 
stale, the molten cutting edges of two tubes are brought 
into direct contact with each other, thereby attaining 
fusion bonding. 35 

The wafer-shaped cutting blade to be used in the 
conventional tube connecting device mentioned above 
has a structure which comprises a metal plate folded in 
half and a resistor element formed in a desired pattern 
on the inner surface of the metal plate via an insulating 40 
layer (adhesion layer). When power is supplied to the 
resistor element by way of the terminals formed on the 
both ends, the resistor element generates heat raising 
temperature of the entire wafer (Jpn. Pat. Appln. KOKAI 
Publication No, 59-49925). 45 

However, the conventional wafer-shaped cutting 
blade has a complicated five-layered slructure consist- 
ing of a metal plate, insulating layer, resistor element, 
insulating layer, and metal plate, with the result that the 
wafer is inevitably thick. The thick blade is disadvanta- so 
geous when a tube is melted, cut and fuse-bonded, 
decreasing the yield of successfully connected tubes. 

Furthermore, in manufacturing the wafer, many 
steps are required such as an insulating layer forming 
step, a resistor element forming step, a metal plate fold- ss 
ing step, thereby increasing a manufacturing cost and a 
material cost. 



[Disclosure of the Invention] 

An object of the present invention is to improve a 
thermal cutting blade for use in such a tube connecting 
device as mentioned above, and more specifically, to 
provide a thermal cutting blade which has a reduced 
thickness due to a simple structure and can be manu- 
factured at a low cost. 

The object can be attained by a thermal cutting 
blade of a self-heating type for melting and cutting a 
resin tube, comprising a ceramic substrate; a resistor 
element formed on the ceramic substrate in a desired 
pattern, for generating heat upon power supply; termi- 
nal portions formed on both ends of the resistor ele- 
ment; and an insulating layer covering the surface of the 
resistor element. 

Furthermore, the aforementioned object can be 
achieved by a thermal cutting blade of a serf-heating 
type for melting and cutting a resin tube, comprising a 
metal substrate; a first insulating layer made of an inor- 
ganic insulating material and formed on the metal sub- 
strate; a resistor element formed on the first insulating 
layer in a desired pattern; terminal portions formed on 
both ends of the resistor element; and a second insulat- 
ing layer covering the surface of the resistor element. 

In an embodiment of the present invention, the 
insulating layer (at least the first insulating layer when 
first and second insulating layers are employed) is 
formed of an inorganic insulating material. 

In another embodiment of the present invention, 
said resistor element is formed by printing the conduv- 
tive paste in a desired pattern and baking it. It is possi- 
ble to form the resistor element and the insulating layer 
(at least the first insulating layer when first and second 
insulating layers are employed) by simultaneous baking. 
Particularly in this case, the first insulating layer, the 
resistor element and the second insulating layer may be 
formed by simultaneous baking. 

In a further embodiment, a fuse portion susceptible 
to fuse or melt-off when a predetermined high tempera- 
ture is maintained for a predetermined time period, are 
provided in at least one part of the resistor element. 

[Brief Description of the Drawings] 

FIG. 1 is a perspective view showing an embodi- 
ment of the thermal cutting blade of the present 
invention; 

FIG. 2 is a perspective view showing another 
embodiment of the thermal cutting blade of the 
present invention; 

FIQ. 3 is a further embodiment of the thermal cut- 
ting blade of the present invention; 
FIG. 4 is a perspective view showing a structure of 
a tube connecting apparatus for cutting and con- 
necting tubes by use of the thermal cutting blade of 
the present invention; and 

FIGS. 5 to 8 are perspective views showing con- 
necting steps of tubes by use of the tube connect- 
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ing apparatus shown in FIG. 4. 
[Best Mode of Carrying Out the Invention] 

Hereinbelow, the thermal cutting blade of the 5 
present invention will be described based on preferable 
embodiments shown in the accompanying drawings. 

FIG. 1 is a perspective view showing an embodi- 
ment of the thermal cutting blade of the present inven- 
tion. A thermal cutting blade 1 A of the present invention w 
has a ceramic substrate 2, as shown in the figure. The 
ceramic material constituting Ihe ceramic substrate 2 
may be either an oxide series ceramic material or a non- 
oxide series ceramic material. For example, alumina 
(AlgCy, silica (S1O2), beryllia (BeO), silicon carbide is 
(SiC), aluminum nitride (A1N), boron nitride (BN), and 
silicon nitride (Si 3 N 4 ) may be used either singly or in 
combination of at least two of these compounds (for 
example, SIALON). in addition, at least one compound 
selected from SiO^ B 2 0 3 , PbO, ZnO z , MgO : CeO. BaO. 20 
SrO, and Y 2 0 3 may be added. 

The ceramic substrate 2 further acts as an insulat- 
ing layer for a resistor element 3 described later since it 
has not only sufficient rigidity but also insulating proper- 
ties inherent thereto. 2s 

The ceramic substrate 2 is not particularly 
restricted in thickness as far as it has a sufficient 
strength resistible to the cutting of a tube. 

On the ceramic substrate 2, the resistor element 3 
is formed in a desired pattern. Onto the both ends of the 30 
resistor element 3, terminals 4 and 5 are formed. The 
materials of the terminals 4 and 5 may be the same as 
that of resistor element 3. It is preferable that the resis- 
tor element 3 and the terminals 4 and 5 (hereinafter col- 
lectively referred to as "resistor element 3 eta") be 35 
simultaneously formed by using a screen printing, 
decaicomania process, etching, plating, vapor deposi- 
tion, sputtering, CVD or the like. 

Examples of a metal material constituting the resis- 
tor element 3 include Ag; Ag series alloys such as Ag- 40 
Pd alloy, Ag-Pt alloy and Ag-Pd-Pt alloy; Au; Au series 
alloys such as Au-Cu alloy; Ni; Ni series alloys such as 
Ni-Cr alloy; Fe series alloys such as stainless steel; Cu; 
Cu series alloys such as Cu-Zn alloy and Cu-Sn alloy; 
Al; and Al series alloys such as Al-Mg alloy and Al-Cu 4s 
alloy. In the case where the resistor element 3 is formed 
by printing, it is preferred to use the so-called thick-film 
conductive paste or thick-film resistor paste having Ag 
particles or Ag series alloy particles connected to each 
other by a glass binder. so 

The thickness (cured state) of the resistor element 
3 etc., which is not particularly restricted, is preferably 
from about 10-25 urn, and more preferably about 10-15 
jam. 

The resistivity of the resistor element 3 is preferably ss 
about 5-50 SI, and more preferably about 5-20H. 

On the resistor element 3, an insulating layer 6 is 
formed so as to cover the surface of the resistor element 
3 except for the terminals 4 and 5. The insulating layer 6 



is formed of a coating film made of any one of various 
ceramic materials as mentioned above; an inorganic 
material such as a glass including borosilicate glass, 
lead glass, phosphate glass; or an organic material hav- 
ing heat resistance, such as polyimide. In particular, the 
insulating material 6 is preferably formed of a ganic 
insulating material such as the ceramic material men- 
tioned above or glass. Incidentally, as the ceramic mate- 
rial, the same ceramic material as those mentioned with 
respect to the ceramic substrate 2 may be used. 

The thickness (cured state) of the insulating layer 6, 
which is not particularly restricted, is preferably about 1 - 
100 jim, and more preferably about 5-50 um. 

The thickness of Ihe thermal cutting blade 1A, 
which is not particularly restricted, is preferably about 
0.1-2.5 mm, more preferably about 0.1-1.3 mm, and 
most preferably about 0.2-0.5 mm. If the thickness of 
the thermal cutting blade 1A is excessively thin, frac- 
tures such as cracks and cutouts, wilt be readily pro- 
duced. Consequently, it will be difficult to handle the 
blade 1A. Conversely, if the thermal cutting blade 1A is 
excessively thick, it will be difficult to connect tubes after 
they are cut by melting. In addition, the bonding strength 
decreases. 

It is useful to reduce the thickness of the thermal 
cutting blade 1A for cutting and connecting tubes. In 
addition, the following advantages are accompanied. 
That is, in the case where a plurality of thermal cutting 
blades 1 A are superimposed and housed in a cartridge 
(case) not shown herein, the number of thermal cutting 
blades 1 A housed in the cartridge of a constant volume, 
can be increased. 

The thermal cutting blade 1 A mentioned above has 
excellent thermal conductivity and heat resistance since 
the surface is formed of a ceramic material. Therefore, 
very stable heal properties can be ensured. 

Hereinbelow, the method of manufacturing the ther- 
mal cutting blade 1 A will be described by way of exam- 
ple with reference to the case where the resistor 
element 3 and the insulating layer 6 are formed by 
simultaneous baking after the resistor element 3 etc. 
are formed by coating a conductive paste by use of the 
screen printing. 

[1A] On the ceramic substrate 2 (large and uncut 
base plate) manufactured in advance, a conductive 
paste for forming the resistor element 3 etc is 
coated in a predetermined pattern by use of the 
screen printing. 

As a conductive material, a main ingredient of 
the conductive paste, various metals or metal com- 
pounds are usually used in the form of particles. 
Among these, Ag or an Ag series alloy is particu- 
larly preferable. As the Ag series alloy, use may be 
made of Ag-Pd alloy, Ag-Pt alloy, Ag-Pd-Pt alloy, 
and the like. The Ag-series alloy containing Pd is 
superior in migration resistance, compared to pure 
* Ag. Such Ag or an Ag series alloy is usually present 
in the form of particles in the conductive paste. The 
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average diameter of particles of Ag or the Ag series 
alloy is preferably about 0.5-50 um, and particularly, 
about 1-20 ^m. If the average diameter is less than 
0.5 jim, a shrinkage rate of the resistor element 3 
etc. will increase. Conversely, in the excess of 50 5 
lim, printing properties and dispersing properties of 
the conductive paste will decrease in some cases. 

As the conductive material, instead of or in 
addition to Ag or the Ag series alloy, Cu, Au or an 
alloy containing Cu and Au may be used. Alterna- 10 
th/ely. the conductive material may include ruthe- 
nium dioxide or a conductive double oxide complex 
such as lead ruthenate. 

As a vehicle for the conductive paste, use may 
be made of binders such as epoxy resin, thermoset is 
melamine resin, acryl series resin, nitrocellulose, 
ethylcellulose, phenol resin, vinyl resin, and polyim- 
ide resin; solvents such as alcohols, toluene, 
xylene, butyl carbitol, and terpineol; thermoset res- 
ins such as polyvinyl chloride for improving plasti- 20 
cizing action; other agents such as dispersant, 
activating agent viscosity modifier, film adhesive- 
ness accelerating substance (for example, metal 
oxide), resistance modifying substance. These 
agents can be arbitrarily and appropriately blended 25 
depending on purposes. 

In particular, in the case where the screen 
printing is carried out by using such a conductive 
paste mentioned above, it is preferred to use a 
screen having 180 - 300 meshes, particularly, 200- 30 
250 meshes. 

The film thickness of the resistor element 3 etc. 
can be readily set by appropriately controlling con- 
ditions for the screen printing, such as the thickness 
of a screen emulsion coating, rubber hardness of a 35 
squeegee, the distance between a screen and a 
substrate 1o be printed, and a moving rate of the 
squeegee. 

In the present invention, the conductive pastes 
for use in the resistor element 3, terminals 4 and 5 <o 
may differ in conditions such as composition, vis- 
cosity, and film thickness. 

[2A] To a raw material, such as an alumina powder, 
of the insulating layer 6, a binder and a solvent are 
added. The resultant mixture is kneaded to obtain a 45 
slurry. The average cSameter of the alumina powder 
to be used is preferably about 0.1-100 jarn, and 
more preferably, about 0.1-10 urn. 

Subsequently, after the terminals 4 and 5 are 
masked, if necessary, in a desired form (e.g. , a disk so 
form), the aforementioned slurry is coated on the 
entire surface of the substrate 2 and the resistor 
element 3, and then dried. As the coating method, 
there are screen printing, spray, dipping, roll coat- 
ing, and the like. ss 

A method lor forming the insulating layer 6 is 
not restricted to the coating methods mentioned 
above. The insulating layer may be formed by, for 
example, preparing a green sheet of a base mate- 



rial for the insulating layer by a doctor blade 
method, and then, laminating the green sheet on 
the substrate and the resistor element. 
[3A] The conductive paste of the resistor element 3 
and the coating film of the insulating layer €, formed 
on the ceramic substrate 2, are baked simultane- 
ously at a low temperature by using a furnace, for 
example. The baking is preferably performed at a 
temperature of 200-950°C, and more preferably at 
a temperature of 500-950° C, for 5-30 minutes. 

Note that, if necessary before baking, thermal 
press and binder removing treatment may be 
applied. Cutting grooves may be formed. 
[4A] The large size base plate thus manufactured is 
cut into pieces of a predetermined size. In this man- 
ner, a plurality of thermal cutting blades 1A are 
obtained. 

Hereinbelow, we will explain the method of manu- 
facturing the thermal cutting blade 1 A in connection with 
the case where the conductive paste, a material for the 
resistor element and a ceramic material for forming the 
insulating layer 6 are coated by the screen printing proc- 
ess in the order mentioned. 

[1A 1 ] On the ceramic substrate 2 (large and uncut 
base plate) manufactured in advance, a conductive 
paste for forming the resistor element 3 etc. is 
coated in a predetermined pattern by use of the 
screen printing. 

As the conductive material, a main ingredient 
of the conductive paste, various metals or metal 
compounds are usually used in the form of parti- 
cles. Among these, Ag or an Ag series alloy is par- 
ticularly preferable. As the Ag series alloy, use may 
be made of Ag-Pd alloy, Ag-Pt alloy, Ag-Pd-Pt alloy, 
and the like. The Ag-series alloy containing Pd is 
superior in migration resistance, compared to pure 
Ag. Such Ag or an Ag series alloy is usually present 
in the form of particles in the conductive paste. The 
average diameter of particles of Ag or the Ag series 
alloy is preferably about 0.5-50 nm, and particularly, 
about 1 -20 ixtn. if the average diameter is less than 
0.5 jim, a shrinkage rate of the resistor element 3 
etc. will increase. Conversely, in the excess of 50 
urn, printing properties and dispersing properties of 
the conductive paste will decrease in some cases. 

As the conductive material, instead of or in 
addition to Ag or the Ag series alloy, Cu t Au or an 
alloy containing Cu and Au may be used. Alterna- 
tively, the conductive material may include ruthe- 
nium dioxide or a conductive double oxide complex 
such as lead ruthenate. 

As a vehicle for the conductive paste, use may 
be made of binders such as epoxy resin, thermoset 
melamine resin, acryl series resin, nitrocellulose, 
ethylcellulose, phenol resin, vinyl resin, and polyim- 
ide resin; solvents such as alcohols, toluene, 
xylene, butyl carbitol, and terpineol; thermoset res- 
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ins such as polyvinyl chloride for improving piasti- 
cizing action; other agents such as dispersant, 
activating agent, viscosity modifier, film adhesive- 
ness accelerating substance (for example, metal 
oxide), resistance modifying substance. These 5 
agents can be arbitrarily and appropriately blended 
depending on purposes. 

In particular, in the case where the screen 
printing is carried out by using such a conductive 
paste mentioned above, it is preferred to use a 10 
screen having 180 - 300 meshes, particularly, 200- 
250 meshes. 

The film thickness of the resistor element 3 etc. 
can be readily set by appropriately controlling con- 
ditions for the screen printing, such as the thickness 15 
of a screen emulsion coating, rubber hardness of a 
squeegee, the distance between a screen and a 
substrate to be printed, and a moving rate of the 
squeegee. 

!n the present invention, the conductive pastes 20 
for use in the resistor element 3, terminals 4 and 5 
may differ in conditions such as composition, vis- 
cosity, and film thickness. 

The conductive paste of the resistor element 3 
formed on the ceramic substrate 2 by the screen zs 
method, is baked at a low temperature by using a 
furnace, for example. The baking is preferably per- 
formed at a temperature of 200-950°C, and more 
preferably at a temperature of 500-950° C, for 5-30 
minutes. 30 
[2A*] To a raw material, such as an alumina powder, 
of the insulating layer 6, a binder, and a solvent are 
added. The resultant mixture is kneaded to obtain a 
slurry. The average diameter of the alumina powder 
to be used is preferably about 0.1-100 iim, and 35 
more preferably, about 0.1-10 urn. 

Subsequently, after the terminals 4 and 5 are 
masked, if necessary, in a desired form (e.g., a disk 
form), the aforementioned slurry is coated on the 
resistor element 3, and then dried. As the coating 40 
method, there are screen printing, spray, dipping, 
roll coating, and the like. 

A method for forming the insulating layer 6 is 
not restricted to the coating methods mentioned 
above. The insulating layer may be formed by, for 45 
example, preparing a green sheet of a base mate- 
rial for the insulating layer by a doctor blade 
method, and then laminating the green sheet on the 
resistor element 3. 

The coating film of the insulating layer 6 formed so 
on the resistor element 3, is baked at a tow temper- 
ature by using a furnace, for example. The baking is 
preferably performed at a temperature of 200- 
950° C, and more preferably at a temperature of 
500-950°C ? tor 5-30 minutes. ss 
[3A*] In the meantime, if necessary before baking, 
thermal press and binder removing treatment may 
be applied. Cutting grooves may be formed. 
[4AT The large size base plate thus manufactured is 



cut into pieces of a predetermined size. In this man- 
ner, a plurality of thermal cutting blades 1A are 
obtained. 

The resistor element 3 etc., can be manufactured 
easily in a short time by the aforementioned screen 
printing method, even if the resistor element 3 etc. have 
a complicated and line pattern. As a result the manu- 
facturing cost can be reduced. Furthermore, since the 
pattern of resistor element 3 is improved in dimensional 
accuracy, a reproducible resistivity with high accuracy 
can be obtained. To be more specific, the error of the 
resistivity of the resistor element 3 compared to a 
designed resistivity can be within ±5%, in particular, 
within ±1.5%. 

Since the resistor element 3 etc. exhibit a high 
adhesivity to the ceramic substrate 2, the peeling-off of 
the resistor element 3 does not take place during the 
manufacturing steps. 

In the case where the conductive paste of the resis- 
tor element 3 and the coating film of the insulating layer 
6 are simultaneously baked, the manufacturing is per- 
formed in simple steps, reducing the manufacturing 
cost. 

It should be noted that, instead of the ready-made 
ceramic substrate 2 (baked in advance), use may be 
made of, for example, an unbaked green sheet which is 
prepared by the doctor blade method and have not yet 
been baked. In this case, the resistor element pattern 
made of the conductive paste and an insulating film 
coating layer may be formed in the order mentioned on 
the greet sheet, and then the entire construct thus 
obtained may be baked simultaneously. Alternatively, 
individual layers may be baked separately. 

The formation method of the resistor element 3 of 
the present invention, which is not restricted to the 
screen printing method, may include a method in which 
a metal foil such as stainless steel foil or nickel chrome 
foil is punched in a desired pattern. Alternatively, the 
resistor element 3 is formed in a desired pattern by 
etching a conductive thin film formed by plating, deposi- 
tion, sputtering CVD, or the like. 

FIG. 2 is a perspective view showing another 
embodiment of the thermal cutting blade of the present 
invention. As shown in the figure, a thermal cutting 
blade 1B has a metal substrate 21. The metal substrate 
21 is formed of a metal having an excellent thermal con- 
ductivity which permits heat to diffuse and distribute uni- 
formly along the substrate surface. Specific examples of 
the metal include copper, aluminium, gold, silver, iron, 
nickel, cobalt, titanium, and an alloy containing any one 
of the metals mentioned (e.g., stainless steel, brass, 
copper-beryllium alloy, aluminium alloy, and titanium 
alloy). Of these metals, copper or a copper alloy (espe- 
cially containing copper in an amount of 99.9 wt% or 
more) is preferable. 

The preferable thickness of the metal substrate 21 , 
which varies with the constituting materials, is prefera- 
bly about 0.05-2.5 mm, and more preferably, 0.1-0.5 
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mm. 

To increase the adhesive strength of a first insulat- 
ing layer 22, the surface of the metal substrate 21, on 
which the first insulating layer 22 is formed, may be ren- 
dered rough. To make a rough surface, the surface of 5 
the metal substrate 21 may be treated by a rough sur- 
face processing such as rolling by a rough surface roll, 
sand blasting, or jet scribing. 

On the metal substrate 21, the first insulating layer 
22 is formed. The first insulating layer 22 is preferred to io 
have the same constitution as that of the insulating layer 
6 of the embodiment shown in FIG. 1 . More specifically, 
the first insulating layer 22 is preferably formed of any 
one of various inorganic insulating materials. 

The thickness of the first insulating layer 22 (cured is 
stale), which is not particularly restricted, is preferably 3 
to 100 jim, and more preferably 5-50 jam. 

On the first insulating layer 22 p the resistor element 
3 and terminals 4 and 5 are formed in the same manner 
as described in the embodiment of FIG. 1 . 20 

On the resistor element 3, a second insulating layer 
61 corresponding to the insulating layer 6 of the embod- 
iment of FIG. 1 , is formed so as to cover the surface of 
the resistor element 3 except for the terminals 4 and 5. 

The same advantages as mentioned in the embod- 25 
iment of FIG. 1 can be obtained with respect to the ther- 
mal cutting Wade 1 B of the embodiment of FIG. 2. In 
addition, in the thermal cutting blade 1 B of this embodi- 
ment, since the metal substrate 21 has a quite high 
strength, the occurrence of fractions such as splits, cut- 30 
outs, and cracks are successfully prevented. Conse- 
quently, the thermal cutting blade 1 B can be reduced in 
thickness. 

Hereinbelow, the method of manufacturing the ther- 
mal cutting blade 1 B will be described by way of exam- 35 
pie with reference to the case where the resistor 
element 3 etc. are formed by the screen printing proc- 
ess, and where the first insulating layer 22, the resistor 
element 3, and the second insulating layer 61 are 
formed by simultaneous baking. ao 

[1B] On the metal substrate 21 (large and uncut 
base plate) manufactured in advance, the first insu- 
lating layer 22 is formed. To be more specific, to a 
raw material, such as an alumina powder, of the 45 
first insulating layer 22, a binder and a solvent are 
added. The resultant mixture is kneaded to obtain a 
slurry. Thereafter, the slurry is coated on the sur- 
face of the metal substrate 21 and dried. 
[2B] The conductive paste for forming resistor ele- so 
ment 3 etc. is coated in a predetermined pattern by 
the screen priming method in the same manner as 
in step [1 A] of the previous embodiment. 
[3B] The second insulating layer 61 is coated on the 
resistor element 3 in the same manner as in step ss 
[2A] of the previous embodiment. 
[4B] The coating film of the first insulating layer 22 
formed on the metal substrate 21, the conductive 
paste of the resistor element 3, and the second 



coating insulating layer 61. are baked simultane- 
ously at a low temperature by using a furnace, for 
example. The suitable baking conditions and the 
pretreatment for the baking are the same in step 
[3A] of the previous embodiment. 
[5B] The base plate thus manufactured is cut 
(divided) into pieces of a predetermined form. In 
this manner, a plurality of thermal cutting blades 1B 
are obtained. 

Note that, in order to form the first insulating layer 
22 and the second insulating layer 61. a green sheet 
may be used in the same manner as in the previous 
embodiment. Furthermore, only the coating film for the 
first insulating layer 22 and the conductive paste for 
resistor element 3, may be baked simultaneously. 

Hereinbelow. the method of manufacturing the ther- 
mal cutting blade 1 B will be described by way of exam- 
ple with reference to the case where the first insulating 
layer 22, the resistor element 3, and the second insulat- 
ing layer 61 are baked in the order mentioned. 

[1B] On the metal substrate 21 (large and uncut 
base plate), the coating film for the first insulating 
layer 22 is formed. To be more specific, 10 a raw 
material, such as an alumina powder, of the first 
insulating layer 22, a binder and a solvent are 
added. The resultant mixture is kneaded to obtain a 
slurry. Thereafter, the slurry is coated on the sur- 
face of the metal substrate 21 and baked at a low 
temperature. The low temperature baking is, for 
example, preferably performed by using a furnace, 
preferably at a temperature of 200-950°C, and 
more preferably at a temperature of 500-950°C, for 
5-30 minutes, as described in the previous embod- 
iment. 

[2B1 The conductive paste for forming the resistor 
element 3 etc. is coated in a predetermined pattern 
by the screen printing method, in the same manner 
as in step [1 A"] of the previous embodiment. Subse- 
quently, the low temperature baking is performed in 
the same manner as in step [1 A*]. 
[3B] The coating film for the second insulating layer 
61 is formed on the resistor element 3 in the same 
manner as in step [2 A] of the previous embodi- 
ment. Subsequently, the low temperature baking is 
performed in the same manner as in step [2 A*]. 
[4B] The base plate thus manufactured is cut 
(divided) into pieces of a predetermined form. In 
this manner, a plurality ol thermal cutting blades 1B 
are obtained. 

FIG. 3 is a perspective view showing a further 
embodiment of the thermal cutting blade of the present 
invention. A thermal cutting blade 1C shown in the fig- 
ure is the same as the thermal cutting blade 1 A except 
that a high temperature fuse portion 31 is provided in a 
part of the resistor element 3. 

The high temperature fuse portion 3 1 is formed of a 
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material which is readily melt and cut if a predetermined 
high-temperature state is maintained for a predeter- 
mined time. By way of example, these are low-melting 
point alloys represented by a tin-lead alloy. 

The temperature at which the high temperature 
fuse portion 31 is mett and cut, is lower than the melting 
temperature of a tube, for example, about 320°C. The 
time period required for cutting the high temperature 
fuse portion 31 at the temperature mentioned above is 
equal to or shorter than the time required for the cutting 
and connecting of the tubes, for example, about 10 min- 
utes. 

The thermal cutting blade of the present invention is 
basically disposable (single use). In the case of the ther- 
mal cutting blade 1C t it is easily to know whether the 
blade is an unused one or a used one based on the lact 
that current flows or does not flow between the termi- 
nals 4 and 5. More specifically, upon power supply to 
the resistor element 3 via the terminals 4 and 5, when 
used, the resistor element 3 generates heat, raising 
temperature of the Wade over the fusing temperature or 
more. Consequently, the high temperature fuse portion 
31 is melt and cut when the fusing temperature is main- 
tained during the predetermined time period. As a 
result, even if power is supplied between the terminals 4 
and 5, next time, the resistor element 3 will not generate 
heat. It is therefore evident that the thermal cutting 
blade 1 C has been used once. In this way, the blade can 
be prevented from being used for a plurality of times, 
beforehand. 

In the thermal cutting blade 1C of this embodiment, 
the fuse portion 31a is provided in a part of the resistor 
element 3. instead, the entire resistor element 3 may be 
formed of a material capable of being melted and cut if 
the predetermined high temperature state is maintained 
for a predetermined time period. In this case, the fuse 
portion 31 resides in the center portion of the resistor 
element 3, which is the portion highest in temperature 
when power is supplied via the terminals 4 and 5. The 
center portion is melt and cut when once used, and 
therefore, the repeat usage of the blade can be pre- 
vented, beforehand. 

The fuse portion 3 may be included by a bypass 
(not shown) circuit which goes round the entire portion 
or a part of the resistor element 3. In this case, when the 
thermal cutting blade is used for the first time, current 
flows through the fuse portion by going round the entire 
or a part of the resistor element 3, upon power supply to 
the thermal cutting blade via the terminals 4 and 5. As a 
result, the fuse portion generates heat and fuses. 
Thereafter, current flows the entire portion of the resis- 
tor element 3, which then generates heat. In contrast, in 
the case of second usage onwards, since the fuse por- 
tion has been already melted and cut current flows the 
resistor element 3 in its entirety, immediately upon 
power supply via terminals 4 and 5, resulting heat gen- 
eration from the resistor element. Hence, by detecting 
the voltage increase patterns between the terminals 4 
and 5, it is possible to know whether the thermal cutting 



blade is unused or used. 

The thermal cutting blade 1 C mentioned above can 
be manufactured in the same manner as in the manu- 
facturing steps [1 A]-[4A] of the thermal cutting blade 1 A, 

5 shown in FIQ. 1. In this case, the conductive paste for 
the resistor element 3 and the conductive paste for the 
fuse portion 31 may be formed in desired patterns sep- 
arately by different screen printing processes in step 
[1A]. In addition, the fuse portion 31 may be formed 

10 after the resistor element 3 is baked. 

Such a fuse portion as mentioned above may be 
provided also in the thermal cutting blade 1 B described 
in the embodiment of FIQ. 2. In this case, the similar 
advantages can be also obtained. 

16 Hereinbelow, we wilt explain an example of a tube 
connecting method using any one of the thermal cutting 
blades 1A-1C of the present invention. One of the ther- 
mal cutting blades 1A to 1C (hereinafter, representa- 
tively referred to as "thermal cutting blade 1 A") is used 

20 by being Installed in a predetermined tube connecting 
apparatus. 

FIQ. 4 is a perspective view showing a structure of 
a tube connecting apparatus 40, and FIGS. 5 to 8 are 
perspective views, each showing a connecting step of 

25 tubes 14 and 1 5 by use of the tube connecting appara- 
tus 40. As shown in these figures, the tube connecting 
apparatus 40 has a structure comprising a pair of hold- 
ers 41 and 42 and the thermal cutting blade 1 A of the 
present invention which is replaceably provided 

30 between the holders. When the apparatus is used, two 
polyvinyl chloride tubes 14 and 15 are placed adjacent 
to each other between holders 41 and 42. The tubes are 
then melted and cut by the thermal cutting blade 1A 
which has been heated. Subsequently, the holder 41 is 

35 moved to coincide cut edges of the tubes to be con- 
nected to each other. After the thermal cutting blade 1 A 
is removed, tubes 14 and 15 are fuse-bonded each 
other. 

To describe more precisely, the holder 41 shown in 

40 FIQ. 4 is divided into a holder piece 41 1 and a holder 
piece 412 which corresponds to an upper piece and a 
lower piece, respectively. Similarly, the holder 42 is also 
divided into a holder piece 421 and a holder piece 422. 
These holder pieces 41 1 , 412, 421 and 422 are individ- 

45 ually rotatable around a supporting point 44. 

In the inner surfaces of the holders 411 and 412, 
which face to each other, two grooves 45 and 46 having 
sectional shapes of a half-disk, are formed in parallel. 
Further, in the inner surfaces of the holders 421 and 

so 422, the two grooves 45 and 46 are provided in the 
same manner. When the holder piece 411 is superim- 
posed on the holder piece 412. and the holder piece 
421 on the holder piece 422, tube holding portions 47 
and 48 are formed having a sectional shape of a disk- 

66 form. 

Although not shown in the figures, to the end por- 
tions of the holders 41 and 42, near the thermal cutting 
blade 1A, tube sandwiching portions may be provided 
which sandwich the tubes 14 and 15 when holder 
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pieces 41 1 and 412, and 421 and 422 are closed. In the 
sandwiching portions, the tubes are made flat and the 
interior portions are blocked. 

Hereinbelow, we will explain the tube connecting 
method by using a tube connecting apparatus 40. 

As shown in FIG. 5, the tubes 14 and 15 are placed 
in the grooves 45 and 46 of the holders 41 and 42 in 
such a manner that blocked end portions 16 and 1 7 are 
directed in the reverse directions to each other. Then, 
the two tubes 14 and 15 are sandwiched and fixed in the 
tube holding portions 47 and 46 by closing the holder 
pieces 411 and 412, and 421 and 422. 

On the other hand, one piece of the thermal cutting 
blade 1A is taken out from the cartridge and set at a 
thermal cutting blade supporting portion (not shown) 
present in the lower space between holders 41 and 42. 

Subsequently, power, e.g., a voltage of 15-24V, is 
supplied by power supplying means (not shown) to the 
resistor element 3 in the thermal cutting blade 1A via 
terminals 4 and 5 of the thermal cutting blade 1A. Con- 
sequently, the resistor element 3 generates heat. The 
thermal cutting blade 1 A is heated to a temperature (for 
example, 260 -3 30° C) of a melting point of the tubes 14 
and 15, or more. 

When the thermal cutting blade 1 A is moved toward 
the upper side in the figure from this state, as shown in 
FIG. 6, the tubes 14 and 15 are melt and cut with heat 
of the thermal cutting blade 1A. At this point, the cut 
edges of the tubes 14 and 15 maintain a molten and sof- 
ten state of high-temperature. Since the cut edges are 
not communicated with the outside, an aseptic condition 
within the tubes can be maintained. 

Then, as shown in FIG. 7, the holder 41 is moved in 
the direction perpendicular to the longitudinal direction 
of the tube, within the plane of the tube arrangement, 
while the tubes 14 and 15 maintain the molten state. 
When the cut edges of the tubes 14 and 15 are coin- 
cided to each other, the movement of the holder 41 is 
terminated and immobilized. 

As shown in FIG. 8, after the thermal cutting blade 
1A is moved toward the lower side in the figure, the 
holder 42 is moved by a small distance in the longitudi- 
nal direction of the tubes 1 4 and 1 5 so as to come closer 
to the other holder 41. In this manner, the molten cut 
edges of the tubes 14 and 15 are contacted and con- 
nected to each other, accomplishing the connection of 
the tubes 14 and 15. 

During the throughout operations beginning from 
the step of cutting two tubes 14 and 1 5 by the thermal 
cutting blade 1 A to the step of connecting the cut edges, 
the cut edges of the tubes 14 and 15 and their periph- 
eral portions maintain a molten and soften state at a 
high-temperature. Furthermore, until the cut edges are 
adhered and connected, individual cut edges are in tight 
contact with the surfaces of the thermal cut Wade 1A, 
preventing the communication with the outside. There- 
fore, during the throughout operations, the aseptic state 
of the interior of the tubes can be maintained almost 
completely. 



After the tubes 14 and 15 are connected as men- 
tioned above, tube pieces 141 and 151 having the 
blocked ends 16 and 17 of the tubes are discarded. 
When other tubes are connected next time, the 

5 used thermal cutting blade 1 A is substituted with a new 
one and the used thermal cutting blade 1 A is discarded. 
In the case of thermal cutting blade 1C, it is possible to 
know whether the thermal cutting blade is a used one or 
an unused one. The possibility can be avoided in which 

10 an unused thermal cutting blade 1C is inadvertently 
used. 

In the foregoing, the thermal cutting blade is 
described based on embodiments shown in figures. 
However, the present invention will not be limited to the 

is specific embodiments. 

As is explained in the foregoing, since an inorganic 
insulating material is used either for the substrate itself 
or for the surface on which a resistor element is formed, 
the thermal cutting blade of the present invention is 

so excellent in thermal conductivity and heat resistance 
and has a large heat capacity. In addition, since the 
structure of the thermal cutting Wade is simple and the 
number of the layers constituting the blade is small, the 
thickness of the thermal cutting blade can be reduced. 

25 Therefore, melting, cutting, and fusion bonding of tubes 
can be carried out quite satisfactorily. As a result, the 
connected portions are excellent in bonding strength 
and air tightness as well as in an ascetical state. In addi- 
tion, in the particular case where a ceramic substrate is 

30 used, a material cost can be reduced. In the case where 
a metal substrate is used, the thickness of the thermal 
cutting blade can be reduced. 

The thermal cutting blade of the present invention 
can be readily manufactured. In particular, in the case 

35 where a resistor element and an insulating layer are 
formed by printing a conductive paste in a desired pat- 
tern and simultaneously baked, it is possible to reduce 
the manufacturing steps. Hence, the productivity is 
improved and coet can be significantly reduced. 

40 Furthermore, in the case where a high-temperature 
fuse portion is provided in at least one portion of the 
resistor element, it is possible to know whether the ther- 
mal cutting blade is a used one or an unused one. 
Hence, the reuse of the thermal cutting blade can be 

45 prevented beforehand. 

Claims 

1. A thermal cutting blade of a self-heating type for 
so melting and cutting a resin tube, comprising 

a ceramic substrate; 

a resistor element formed on said ceramic sub- 
strate in a desired pattern, for generating heat 
65 upon power supply; 

terminal portions formed on both ends of said 
resistor element; and 

an insulating layer covering the surface of said 
resistor element. 
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2. The thermal cutting blade according to claim 1, 
wherein said insulating layer is formed of an inor- 
ganic insulating material. 

3. The thermal cutting blade according to claim 2, s 
wherein said resistor element is formed by printing 

a conductive paste in a desired pattern and baking 
it, and at least said resistor element and said insu- 
lating layer are formed by simultaneous baking. 

10 

4. The thermal cutting blade according to claim 2, 
wherein said resistor element is formed by printing 
a conductive paste in a desired pattern and baking 
it, and said resistor element and said insulating 
layer are formed in individual baking steps sepa- is 
rateiy in the sequential order mentioned. 



ing a conductive paste in a desired pattern and bak- 
ing it, and said first insulating layer, said resistor 
element and said second insulating element are 
formed in individual baking steps, separately in the 
order mentioned. 

11. The thermal cutting blade according to any one of 
claims 1 to 10, wherein a high temperature fuse 
portion which is melted and cut off if a predeter- 
mined high temperature condition is maintained for 
a predetermined time period, is provided in at least 
one portion of said resistor element. 



5. A thermal cutting blade of a self-heating typB for 
melting and cutting a resin tube, comprising 

20 

a metal substrate; 

a first insulating layer made of an inorganic 
insulating material and formed on said metal 
substrate; 

a resistor element formed on said first insulat- 25 
ing layer in a desired pattern, far generating 
heat upon power supply; 
terminal portions formed on both ends of said 
resistor element; and 

a second insulating layer covering the surface 30 
of said resistor element. 



6. The thermal cutting blade according to claim 5, 
wherein said second insulating layer is formed of an 
inorganic insulating material. 35 

7. The thermal cutting blade according to claims 5 or 
6, wherein said resistor element is formed by print- 
ing a conductive paste in a desired pattern and bak- 
ing it, and at least said first insulating layer and said 40 
resistor element are formed by simultaneous bak- 
ing. 

8. The thermal cutting blade according to claims 5 or 

6, wherein said resistor element is formed by print- 45 
ing a conductive paste in a desired pattern and bak- 
ing it, and said first insulating layer, said resistor 
element, and said second insulating layer are 
formed by simultaneous baking. 

so 

9. The thermal cutting blade according to claims 5 or 
6, wherein said resistor element is formed by print- 
ing a conductive paste in a desired pattern and bak- 
ing it, and said first insulating layer and said resistor 
element are formed in individual baking steps, sep- 55 
arately in the order mentioned. 



1 0. The thermal cutting blade according to claims 5 or 
6, wherein said resistor element is formed by print- 
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AgSfcttAg-Pd^, Ag-Pt^fe A 
g-Pd-Pt^?©Ag^. Au^/cWAu - 
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ttCu-Zn*l Cu-Sn^OCu^ A 
1^/dJAl-Mg^ Al-Cu^f(DAl^ 
^l?#W6ft£ 0 ffifa#3%E|3Jai»fiSr-5J»^«, A 
gS/c«Agr^^^77^xr^b/cil^ JVRVS 

[0021] mKw 3w<omm (wtttttronw) 

WCCHSSftttC^ ^L<tilO-25/imS 
10 E ctDJf*U<(il0^15/imiK<S:Stl5. fita 
#3<DJ6Siffi«\ «F* 0< 53:5-5 0 QIg, 
U< «5-2 0 QSgi$n^ 9 
[0 02 2]gfii<*3iWt Jftl»B6# % ^4, 5 
©8B**l**J61ii#3 omWZI&m.-? 3 CCJ&£$ft 

irr 4*r«*m <t o * 5»nr awsr * c t #r * 

flffii25 5 y^^SJK«2-CWft:fe©iEiaofe 
©3WW5ftS. 

[0 02 3] *&iiJi 6 (DJR/V ( WttRSTCOJW) tt. 
!KfCCPS3£3 ftttC^, JftKttl^l 0 0 um gK, 
J:0Jf^L<«5-5 O/imlgijnSo 
[00 24] mmnffiJl I A<Dm?«. WCCHSSftft 
l»3&s, 0. 1-2. 5nnSfi3W»*L<, 0. 1-1. 
3mnS]S#J:<3ffS 0. 2—0. SmnfiS^S^ 

30 tc»^LC^ 0 AOWS*i»a?Si, fj 

ft. XW9<D9m&£.C&< . KOao^^FflEtttO. 

/»S3Wj»a*.5i, ^*-^©«»«wa, sat 

[0 02 5] aB»WK301 AOffS*J:0W<r**C 

h y ^ j?rt«c* o ^< o^^^ktj i A*iK 
40 »t s c i ^-c* s i *r t war * s. 

[0 0 2 6 ] fil±<DJ: 5ttttB»«JK7J 1 At'tt, «ffi3&s 

[0 0 2 7 ] »«C. a«»W»fJJ 1 A©«JB*ffi«C-^(,» 
JSffift3#*x^ y->ai»Jffi«:cl:-0«J5RU, fitt 

[0 0 2 8 ] [1A] ^«*»3ftfc-fe7 5?r**» 
50 SS2 (*WKtt»<D*ai©jR«> ±CC % *g£i&3^£ 



5 

[0 0 2 9 ] mm&^-A h©3EJ5S»"C*43l«tt«J» 

*©<t*>-Cfe, 4#CCAgr*fcW:Ag43EJi!S#<!:T4Afir 

-Pd^ 4 Agr-Pt^, Ag-Pd-Pt^f 
#3£tf6*iS. PdSr^tfAff«^«, «A 
»vYyu-Va>ttcc«*i4. c<DJ:9&Agf*fctt 

&T£ 0 C<3DAfir*A:«Ag5fi^<oe^^tta 

0. 5-5 Omiii SK. «FCC 1-^2 0 Mragfii-r 
5©3^»* O^o ^aS>&*0. 5/im*ji^C*££ffii 

S £ SPltt^- ^ h ©SWJtt. ^ffcttJWETT * C £ * 

[0 0 3 0 ] mTKA gr SfcttA gr»^# 

[0 0 3 1 ] iitt^-X FO^t^^iim x# 

[0 0 3 2 ] *SCC, ±»OfcJ:5tt3»Kte^--* 

0-30 0y^>^, fttC2 0 0 — 2 5 0 ^>^£>t> 

[o o 3 3 ] m&utcis$i»3wmm&* *#v-> 

[0 0 3 4] [2A] r;U5^»*OJ:5 3a:a«6ia6 
OMW^tC, 'W>^-. jSffWSrJn^., Cti6*iB« 

0. ^4C0. 1-10 Mm g 

[0 0 3 5 ] wc, 8^4, s<D%m%>&mt<cfccT:m 
mown wz.\-mm ic-?z*>tfutcvtm-e. we 
X7'j-^iffi, tears, iswo^ffid: urw. m 
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[0 0 3 6 ] 44a. IftttS 6 fct, iKfKSM&ffiK J: *) JBjsS 
[0 0 3 7 ] [3A] -fe^S 3r^^«»«2±CC*JSS 

4, m«*F4fflo»r<sai?i^«&E-rs. c^ttjsx©*? 

10 jBtt^feftti, £?£L<te 500-950 'C^gCD^g 
"C. 5-3 0#*Ig-e*£ o tt*J. £&&tufc:, £&®cj£ 

[0 0 3 8 ] [4A] «±©<fc9tcorS33ftfc*: 

!a*3«4JRJSL/fc»^CCtt, »»Clfc»ltt^ir->JB 

20 ^ffifBS*sW±r*fc«>. ^Lfc«!Sffl4»<5C£# 

rtttot. ata*3osa^ta«cc»rssai 

4± 5%«F*3, WCC± 1 . S^ttrtiTSCisW-C* 
C0 0 3 9 ]*te. »tS#3«<D-fe^5-y^xaaHR2 

30 [0 04 0 ] fc*J, t£/t£L/c (^JSMJSnA:) -fe^ 5 
?**RS*2 4;HC»*\ «5?^81fi2©«S 

KiOffcRU c©^';-»- h±cc?giite^-x h 

[0 04 1] *fc. *»WCC*50irW. SSift3CD^JS 
[ 0 0 4 2 ] m 2 *«W©tti»W»rJI©fl&0385fiW 

4^r»aiar*s. raiacc7RTttB»«iBr73 1 b«,- ^ 

JRHS£2 imtc^. CC[)^SMS«2 ltt. S 

Wcc«, fjx.tf, r;^-^A k ^. is, ft, - v 
so (FJx.{£. ^^>u^^. a-^yy)A^ 



CO 04 3] ^SS{S«2 l©jfH8ft/5$«. * 

©8tJ&*WCC4> flflt. 0. 05-2. 5rnrfflK 

#*?*0<. 0. 1-0. 5mn^g[5&5J:OW : *l/l». 

C 0 0 4 4 ] Kte. m 1 ©IfeMJf 2 2 ©SS&gSrKifc 
2feJlli{S« 2 1 ©JH 1 ©Sfcl&Jl 2 2 *JK«T 

-c 7-i?©^jiig5S« 2 i «j«fficcfflifjnx*iw*ffi3*» 
wens. 

[0 045] 1 ±«C«. JH 1 ©*fi^J12 2 

ag&asi-i-c^-s. c©uri©i&HW2 2B:. ftrsB&& 
ji6 tmrnvrnff!.. ra*j%. wieofc«j:5tt««*« 

i|8»tm«i:»)JS:5fe©-C*-6©*s»S0t». 

C 0 0 4 6 ] HI 1 ©iffi^Jl 2 2 ©^1 ( WbWBTC©SS 
M) it, #<C|®^3*i&<,>rtJ> $?£L<te3~100u 
mUg. «fc<3»SL< «5~5 0 Mm ?igi3n-2>o fl 
1 ©IftlftJB 2 2 ±«C « . ffilEI3flt©&iaft 3 4s «fc O'isi? 20 

3 ±cca. frisia^ii 6 <t iui$©s& 2 cmmm e 1 

4ft? 4 . 5 ©Si3#£[&i*ig£i& 3 ©affl4ttBT 5 J: 5 
[0 0 47] flp&tfNKSJi B«c-xvr*>. mrjSLfcJ:^ 

ft. j^ttBOTlB©J*3*J:*>«<'j-4C£*i'C* 
4. 

[ 0 0 4 8 ] fflfNMJBHI 1 BOUSES*: oi* 30 

-C. aaa#3«***dMJ->EPMttJCj:»JjefiSu Jdi 
©HUM 2 2 . ffilnf* 3 *s J;yS 2 OttftJI 6 1 £f§JB# 

C 0 0 4 9 ] [IB] &MHSK2 1' <*«««»© 

*M©J1«) ±K. JH 1 ©if&ii/i 2 2 ©MMSrJ&J&lT 
-5. -rfcfo-fc. mfi2Ig[2A] tlatftu:, r;U5^^ 
*© «fc 5 am 1 ©S6.&© 2 2 OIMMK, -»< > if- . 

saw***.. cft6*SMor*^ >;-- (tu 

■e. c©^5y-*s8£BW«R2 KOSffitciwti. 

-rs. 40 

CO 05 0] [2B] fTiaXli [ 1 A] £[5HftCl, 

>; - >E|J9J£tc«fc 0 flffM©^ 2 - >tcE|JJPJ. 5 . 

C0 05 1] [3B] mfI2 [IB] ilalWcLT. tg 
tf» 3 ±(cm 2 ©ffiJM 6 1 h. 

coo5 2] [4B] &mmmm2 ikmswc 
* i ©i&im 2 2 ©&n. igK» 3 ©^tt-i- ^ h 

i5iB#as-rs. c©«^©sf3aa^^Bu«is«. Huia 

IS(3A] <fcl5H$-ea5. 50 
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CO 053] [5B] «±OJ:^«:or«JB3tifcJ(l 
SSrWSKttftr <##d) or. tt&©flng!ttt)lff37 1 B£ 

C 0 0 5 4 ] &*>\ m 1 ©.l&itJg 2 2 *JofcO'3Si2 ©fe& 

B6 i©jfjfiscc». ^n-enMiaiiHi^. ^>;-^>- 

2©^*$«fcC*ffiSt{*3©ijS«5fefe^-* KC*fLT©<& 

c o o 5 5 ] b 3 «. *mi<Dmmm%ij]<DfeomMm 
>kff;irfflamvib2>. wm^rm^mjiicit, js 

£x&3©— SKc. #ia&#rSI53 lagBJtRSftT^SfcW- 
C 0 0 5 6 ] il&igWflS ( t »-X) 3 111, #r3£©i£ 

c o o 5 7 ] sia^KaJ3 i *s?§»r-r ss^fcctomi 

{£. ^^-7-©?§^aSJ:0<gi-»gg-C. 

ftliStl, W^tf. *^J3 2 0°C-C*5jl 0#<t3ft£. 
C 0 0 5 8 ] *SBJ©J]ffi^^KJ]B. S^MCCJi. 1 U 

»M7)ic-c«, it? 4. smcD^ia. mtjucx 

•s. -rscto^. 4S?4. 5raccitm3n. ffits»3*j^ 

[.0 0 5 9] ate, AHKl«Iftr71 1 C«. Sfn»3©-g|5 

*#?.'iai$»rS3 i i bfcfc©-cas*s. cnccf^^r. 
«i-r*t*»fr4*t»-c«fisiy-rfcj:«,». c©*§-£. 4a 

?4 . 5 m'MDa«9<cjfti£Mftfei*< «C*JBaa#3© 
«t>ffc«»**irai«»r» i&O, C ©ff ajgftrflW 1 H© 

ffiffir^KrL. 2Bl«a©«fflft5te««C|»±-J-4. 
[0 06 0 ] *fc. m-i&Mmtot. 1&nfc3 <D±&£tc 

it—^mMLx^-{^^m^stitci><D (ia^-er) 
ffcctc^ c©j&&. jra^Kjj© i mmo&m-ca, 

LXlffi L . *©»ffilaft: 3 ©^ft^cmSS^SSnr^ 

r-5o *ra»«i»fjj©2iaBJKa©flwctt. 4S?4. 5 
is$i^3©^*«cmijSE**ssn-cife?sir-s. cn6©miE 

©±^<i:->©ffi3t5:^air4Ci«:<fc»). aasawsr 

C 0 0 6 1 3 ti±©«fc -5 ajjni^t&r?] 1 c «. mrtexm 
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[ i a] - [4 a] ira««cur«Bftrsc<b*sr* 

c©»&. xs [ i a] tcfc^r, &m&3 m<Dm 
utt^-x hi. Aa«Kff3 i mommfe^-A h t 

^tcje^-rsct^rSS. */c. JHa*KS3"l<5WB 

[0 06 2 ] **?H<D»n«i«J»r73 1 A- 1 C£/3 10 

BB31A-1C («T, ftI»«J»r3gi A"C«3RTS> 
[0 06 3 1 H4W, ^*-^*«HSai4 0C!>fllJSS«* 

^^J»r?J 1 A *3SftW8BCCiBa UfcflKSr 4S> 0 , * Jl/ 

y-4i, 4 2©iatc. wit«^y^i:t-jni©2* 20 
<D^-^i4, 1 5*ife^r»Ko. «i«snfcsni» 
Accrcne>«:«iBi. ttwu >w<d*;u#- 

4 1 S:*abS1±TffiiKrS^*-^©«J0DEI±*— a 

CO 0 6 4] 36CC»arSi. *n^-4 l*5<£tM 
2tt, ^n^ f ti^4 4 3 ±Tcc^Sl?n/c^;u^-K-4 l 
1. 4 1 2*Jcfc^4 2 1 , 4 2 2^6«JffiStir*f3, 
Cn6©^;^-)t4 11,41 2*50:0* 4 2 L 42 
2tt, **i*h. X*4 4«CJ:0lHlttnIffiitt^rc» 30 

s. 

CO 0 6 5 ] £/c, S^;U^-K"4 11,41 2feJ:C? 
4 2 1,4 2 2<D*tfaffi (rtffi) CC«. RfflJBttrtS*R 

4 6 3&s-tn-e t n2^wfcc»ja3n, *^ 

#-K"4 11, 4 12 :te<£0'4 2 1. 4 2 2 **fa^*> 
1*fctfc*T, RBKffi©^*-:7fia*Si4 7, 4 8« 

[0 0 6 6 ] ftfe, EW*3Jrr<r»&C^ *;U#-4 1 

fccfc^'4 2cottB»«jBf3a i aohcmjbiucw:, -en^en, 

W^fr4 1 l k 4 1 2*5cfct>'4 2 1 , 4 2 2*mC 40 

[0 0 6 7 ] ^t, ^a-^»KH!BB4 0 

-:/l 4fcJ;0*l 5*, *n6<OH*4»l 6*J:yi 7 
tftBSeciJf^rsjKisj < j: *> cc— sss wccstar , 2 

o©^^-4L 4 2<D?g4 5, 4 6rt*cSBU * 

;l/^-Jt4 11,41 2*><£t>'4 2 1,4 2 2«:Hi; 

r, 2*Of^-^l 4fcJ:0'l 5i^^-^SmP4 50 
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7, 4 8K&f3, IST^ B — WE*- h y 

0 lftOjD!»«3»r7]l A*flX0tHOr. W^4K 
4 2OIBBKDT*«c*5ttJ*rJ03a*» (HsR*r> ic-fe 

* hire. 

[0 0 6 8 ] ^ccc. iim^g da^r) ct j: o , jjoi?* 

WBOTl A<2«T-4, 5MKWIB1 5-2 4 VCD«EE 

SrEnJnorjnMWK^ i Art©ffiK#3tca»rs^ c 
4*5<tvi 5 ©«»?aa«±<Diajs <m«2 6 

0-3 3 O'CHIS) CCjD^^n€» 0 
C O 0 6 9 ] COttfflT, H6CC^TJ:5K:, ttHSftWWf 

?s"i ASrigtpiS'cc^tt-rii, au»w»f?3i A©j»«c 
j;^r^*-^i 4^*1:^1 5«*as. -ftjaffshs. c 

Oi*. ^*-^l 4*J:tfl 5<DWK«aB«, «tt£ 

C0 07 0 KXK:, B7CCSVTJ: 5iC ^a-^14* 
J^-4U^a-^14, 1 5©E9U#foJ«cSafrU 

CO 07 1 ] ^«C. ^8CC^nTcfc^«:, »U!ftttJ»r7] 1 A 
«:H*T^C?|*ffi* fc — ^r©*JU^-4 2*ffe*©^ 
;U#-4 lCCSfi-rScfc5^*-^l 4, 1 5<DS^^ 

1 4*j±c^i 5o«jonra±3&iiK»s^ s^^-^i 

4 1 5©jS»*itt3n5. 

C0 0 7 2 ] C<D±5&MM0»OT1 AKcfc &f3|^ - 

^14, i $<Dwm&%mffi&v<D—m<Dnmci6^ 

«J»r?n/c^l6, 17*^a-^14 
1 fccfcO 6 ! 5 1 H**StiS. 

[0 0 7 3 ] 3Cl§I«:ffi<D^^-^flO»ittS:?f ^IB 

CCtt, ^SrCDJaSi^ffiT^ 1 ASrttfcttJlMfc^lBfrJJ 1 A 
OCSfcftU fl6«»0»B»WBf^Jl AttWRStiS. 
WK7I1 C©«-&«ctt. f?r2iL/cJ:^CC, ffiffl»^*>5 

[0074] 



4 
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[0 07 5] £/c, **W©jSnfft«I»r30«. Kft**$£ 
[0 0 7 6 ] g/e, tgi/i#<D^& < i fe— «(c#ia«K 
CHI] **W©ira«WK73©ll»«S:^ri4«Hr* 

cb 2 ] *mi<Dmm®WTy3<Dm<DmMm*K-?mm 
r*^ 20 

CB5] B4«c^"r^ Jt -^S3KSeK«cJ:5^ J L-^(3r)* 



CB6] B4Cc^r^*-^ffi«SBBW:j:S^*-y© 
JSKLTS*iS-r«ttftBr * 

CH7] B4Cc^-r^*-^»tti5J16cJ:S^A-^(0 

8«iasr5rr««Br* 

CB8] B4«C7Sr^*-y«»i6accJ:4 5 L J L-^<Z) 
S»Xg€:^r««RBr*5. 

1A-1C ttHR«Wr39 

2 -b^5^^^i?S^ 

2.1 &JRHS1E 

2 2 S?U Ottftll 

3 

4, 5 

6 IfiMUl 

6i mommm 

14,15 

14 1. 15 1 ^^-^>t 
16,17 HSH 

40 

4 1,42 

4 11, 4 12 *)1>#-K- 

4 2 1, 4 2 2 d^U^-fr 
4 4 

4 5,46 ft 

4 7,4 8 3-~-7m$%l 



CB1 ] 



CB2] 
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[03] [124] 




7D> h^ — is<Dtfci* 



i 
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